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INTRODUCTION 


There  is  little  question  about  the  importance  of  hormonal  factors  in  the  development  of  breast 
cancer  1_4.  During  pregnancy,  estrogen  concentrations  are  at  least  ten  times  higher  than  during 
other  periods  of  life.  Since  estrogens  are  important  for  breast  carcinogenesis,  exposures  during 
pregnancy  have  been  suggested  to  influence  mothers’  breast  cancer  risks  5.  Pregnancy  hormones 
are  primarily  produced  in  the  placenta  6.  The  linkage  of  the  nationwide  Swedish  research 
registries  provides  an  opportunity  to  use  prospectively  collected  data  to  further  investigate  the 
possible  associations  between  indirect  markers  of  hormonal  exposures  during  pregnancy,  such  as 
placental  weight,  offspring’s  birth  weight,  pregnancy  complications,  and  subsequent  maternal 
risk  of  developing  breast  cancer. 

BODY 

Task  1.  Ethical  approval 

Permission  to  perform  the  study  was  applied  for,  granted  by  the  Research  Ethics  Committee  at 
Karolinska  Institutet. 

Task  2.  Data  retrieval 

Specified  data  orders  were  sent  to  the  National  Board  of  Health  and  Welfare  and  Statistics 
Sweden.  These  Swedish  authorities  gave  approval  to  send  data  from  research  registers  to  the 
research  group.  The  National  Board  of  Health  and  Welfare  used  the  unique  national  registration 
number  to  perform  individual  record  linkage  between  the  registers  (the  Medical  Birth  Register, 
the  Cancer  Register,  the  Cause  of  Death  Register,  and  the  Register  of  Population  and  Population 
Changes).  Initial  quality  control  was  performed  at  the  National  Board  of  Health  and  Welfare. 
Data  were  transferred  to  the  Department  of  Medical  Epidemiology  and  Biostatistics,  Karolinska 
Institutet. 

Task  3.  Defining  the  cohort. 

The  study  base  was  defined  by  all  primiparous  women  included  in  the  Swedish  Medical  Birth 
Register  who  delivered  single  births  1982-89  (n=3 15,339),  of  whom  99.6%  (n=314,019)  had 
complete  information  about  date  of  birth  and  gestational  age.  Through  record  linkage  to  the 
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Cancer  Register,  the  Cause  of  Death  Register  and  the  Register  of  the  Population  and  Population 
Changes,  women  were  followed  until  Dec  31,  2001,  the  occurrence  of  breast  cancer,  death  or 
emigration,  whichever  came  first. 

Information  about  breast  cancer  diagnosis  was  derived  from  the  Swedish  National  Cancer 
Register  (ICD-7  code  170).  Cases  were  defined  as  the  first  breast  cancer  diagnosed  after  the  first 
birth  through  the  year  2001.  In  the  cohort  of  314,019  women,  2,216  developed  breast  cancer 
during  the  time  of  follow-up,  of  whom  2,100  (95%)  were  diagnosed  before  age  50. 

The  following  factors  were  included  as  possible  risk  factors  for  breast  cancer:  placental  weight, 
birth  weight,  gestational  age,  infant’s  sex,  women’s  age  at  first  birth,  co-habiting  with  infant’s 
father  or  not,  maternal  smoking,  women’s  country  of  birth,  height,  body  mass  index,  pregnancy- 
induced  hypertensive  diseases,  and  vaginal  bleeding  in  late  pregnancy.  We  also  included 
information  about  parity  number  (through  2001),  to  be  used  as  a  time-dependent  co-variate. 

Task  4.  Analysis 
Data  cleaning 

Frequency  tables  of  all  exposure  variables  were  performed.  Implausible  values  were  considered 
missing  and  exposure  variables  were  categorized. 

Analyses 

The  Cox  proportional  hazard  model  was  used  to  estimate  associations  between  exposures  and 
breast  cancer  risk.  We  studied  the  associations  between  exposures  at  first  or  second  birth  and 
mother’s  risk  of  breast  cancer.  First,  we  used  bivariate  analysis  to  study  the  associations  between 
the  independent  variables  in  breast  cancer  risk.  In  this  analysis,  the  independent  variables  were 
categorized,  and  for  each  category  we  calculated  person-years  of  follow-up  and  breast  cancer 
incidence  rates  stratified  by  maternal  age  at  first  or  second  birth,  respectively.  Thereafter,  we 
used  Cox  proportional  hazard  model  to  estimate  the  relative  risk  of  developing  breast  cancer  in  a 
multivariate  analysis.  The  hazard  ratio  was  used  as  a  measure  of  relative  risk,  using  95% 
confidence  intervals. 
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Task  5.  Results 

The  results  have  been  derived  from  the  publication  that  this  work  resulted  in  7  The  crude 
incidence  rate  of  breast  cancer  increased  with  placental  weight  (Table  1).  Women  who  delivered 
an  infant  with  a  high  birth  weight  (>4,500  grams)  had  higher  incidence  rates  of  breast  cancer  than 
women  with  lower  birth  weight  infants.  Gestational  age  at  first  birth  did  not  appear  to  influence 
the  crude  incidence  rate  of  breast  cancer  among  mothers. 


Table  1.  Pregnancy  and  Infant  Characteristics  (Primiparous  Women  in  Sweden,  1982-1989) 
in  Relation  to  Unadjusted  Incidence  Rates  of  Breast  Cancer  (N=3 14  019)* 

Characteristics 

Cohort,  No.  (%) 

Breast  Cancer,  No. 
(Incidence  Rate)T 

Placental  weight,  g 
<499 

48  512(20.4) 

297  (3.99) 

500-599 

79569(33.5) 

526  (4.31) 

600-699 

64984(27.4) 

469  (4.70) 

>700 

44433(18.7) 

361  (5.30) 

Missing 

76521 

563(4.79) 

Birth  weight,  g 
<2499 

14369  (4.6) 

103(4.69) 

2500-3499 

155  758  (49.9) 

1045  (4.38) 

3500-4499 

136508  (43.7) 

1001  (4.78) 

2:4500 

5761  (1.8) 

52  (5.88) 

Missing 

1623 

15(5.37) 

Gestational  age,  wk 
£36 

16204  (5.2) 

115(4.63) 

37-39 

98  399(31 .3) 

674  (4.46) 

40-41 

154  587(49.2) 

1073  (4.53) 

>42 

44829  (14.3) 

354  (5.14) 

Infant  sex 

Boy 

161  474  (51.4) 

1152  (4.65) 

Girl 

152514  (48.6) 

1064(4.55) 

Missing 

31 

0 

*  Breast  cancer  diagnosed  after  first  birth  but  before  January  1 , 2002. 
tUnadjusted  incidence  rates  per  10000  person-years 

Source:  Cnattingius  et  al.  JAMA  2005;294:2474-80 
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Table  2  (below)  displays  age  stratified  and  multivariate  adjusted  hazard  ratios  of  breast  cancer  in 
relation  to  placental  weight  at  first  birth.  The  risk  of  breast  cancer  generally  increased  with 
placental  weight.  Compared  to  women  with  a  placental  weight  of  less  than  500  grams,  women 
with  a  placental  weight  of  at  least  900  grams  faced  a  56%  increase  in  risk  of  breast  cancer.  In 
age-adjusted  analysis,  mothers  of  infants  with  a  birth  weight  of  at  least  4,500  grams  had  a  30% 
increased  risk  of  breast  cancer  compared  with  mothers  to  infants  with  a  birth  weight  between 
2,500  and  3,499  grams  (Table  2).  However,  after  adjusting  for  placental  weight  and  other  factors, 
this  risk  increase  disappeared.  Compared  with  women  with  only  one  birth,  women  with  at  least 
three  births  were  at  reduced  risk  of  breast  cancer.  Other  factors,  including  gestational  age, 
infant’s  sex,  maternal  characteristics,  and  pregnancy  complications,  did  not  influence  breast 
cancer. 


Table  2.  Placental  Weight  and  Birth  Weight  in  First  Birth  and  Hazard  Ratios  of  Breast  Cancer 


Hazard  Ratio  (95%  Cl)  by  Placental  Weight,  g 

Pfor 

Trend 

1 

<499 

500-599 

600-699 

1 

>700 

Only  age-adjusted* 

1.00 

1.11  (0.97-1.28) 

1.22  (1.05-1.41) 

1.34(1.15-1.56) 

<.001 

Fully  adjustedf 

1.00 

1.07(0.90-1.27) 

1.17(0.97-1.41) 

1.38  (1.13-1.69) 

.001 

Birth  Weight,  g 

1 

^2499 

2500-3499 

3500-4499 

1 

>4500 

Only  age-adjusted 

0.98  (0.80-1 .20) 

1.00 

1.11  (1.02-1.21) 

1.30  (0.99-1 .72) 

.008 

Fully  adjustedf 

0.89(0.63-1.27) 

1.00 

1.00  (0.87-1.15) 

1.08  (0.74-1 .57) 

.71 

Abbreviation:  Cl,  confidence  interval. 

•Haztrd  ralioe  are  age-adjusted  by  stratification  for  maternal  age  at  f'rst  brth. 

tHazard  ratios  are  stratified  for  maternal  age  at  first  brth  and  adjusted  for  gestational  age,  hfont  se*.  age  at  first  birth, 
height,  body  mass  index,  smoking,  family  situation,  country  of  birth,  pregnancy-induced  hypertensive  diseases,  dia¬ 
betes  meflitus,  and  vagrial  bleeding  in  tote  pregnancy.  Parity  is  deluded  h  the  analysis  as  a  time-dependent  covar¬ 
iate.  Flaoeotal  wefcpt  te  adjusted  for  birth  weight  and  birttn  weight  is  adjusted  for  placental  weight  (in  grams). 


Source:  Cnattingius  et  al.  JAMA  2005;294:2474-80 
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We  then  restricted  our  study  population  to  121,714  women  who  had  their  first  and  second 
consecutive  single  birth  during  the  study  period.  Of  these  women,  88 1  developed  breast  cancer 
during  the  time  of  follow-up.  Compared  with  women  whose  placenas  had  a  weight  of  less  than 
500  grams  in  both  pregnancies,  women  whose  placentas  weighed  between  500  and  699  grams  in 
the  first  pregnancy  and  at  least  700  grams  in  the  second  pregnancy  (or  vice  versa)  faced  an  82% 
increased  in  risk  of  breast  cancer,  and  the  corresponding  risk  among  women  whose  placentas 
weighed  at  least  700  grams  in  both  pregnancies  was  more  than  doubled  (Table  3). 


Table  3.  Placental  Weight  and  Birth  Weight  in  First  and  Second  Births  and  Flazard  Raios  of 
Breast  Cancer. 


Characteristics 
by  First/Second 
Pregnancy 

Hazard  Ratio  (95%  Cl) 

%of 

Women 

Breast  Cancer,  No. 
(Incidence  Rate) 

1 

Only 

Age-Adjusted* 

1 

Fully 

Adjustedf 

Placental  weight,  g 
<499/<499 

4.1 

26  (3.72) 

1.00 

1.00 

<499/500-699 

13.5 

103(4.52) 

1.22  (0.79-1.87) 

1 .44  (0.85-2.43) 

<499/2:700 

1.9 

16  (5.05) 

1.34  (p.72-2.49) 

1 .27  (0.58-2.78) 

500-699/500-699 

27.2 

208  (4.52) 

1.24  (0.82-1 .86) 

1.34(0.81-2.24) 

500-699/^700 

16.1 

167(6.14) 

1.67  (1.11-2.53) 

1 .82  (1 .07-3.08) 

2:700/2=700 

6.2 

69  (6.57) 

1.75(1.11-2.74) 

2.05(1.15-3.64) 

Missing 

31.0 

292  (5.57) 

Birth  weight,  g 
<2499/<2499 

0.5 

7  (7.72) 

1.46  (0.70-3.09) 

1 .66  (0.46-5.99) 

<2499/2500-3999 

4.9 

34(4.13) 

0.84  (0.60-1.19) 

0.96  (0.55-1 .70 

£2499/^4000 

0.3 

3  (5.72) 

1.13(0.36-3.50) 

Indeterminate:}: 

2500-3999/2500-3999 

67.0 

551  (4.86) 

1.00 

1.00 

2500-3999/^4000 

19.7 

196(5.91) 

1.21  (1.02-1.42) 

1 .07  (0.84-1 .38) 

2:40002:4000 

6.8 

79  (6.91) 

1.42  (1.12-1.79) 

1.10(0.76-1.59) 

Missing 

0.8 

11  (7.47) 

Abbreviation:  Cl.  confidence  interval. 

•Hazard  rates  are  age-adjusted  by  stratification  for  maternal  age  at  second  birth. 

tHazard  ratio6  are  age-adjusted  by  stratification  for  age  at  second  brth  and  adjusted  for  gestational  age  in  frst  and 
seoond  brths,  infant  sex  in  second  birth,  age  at  first  birth,  and  other  maternal  characteristics,  and  pregnancy  com¬ 
plications  at  second  birth  (height,  body  mass  index,  smokhg.  family  situation,  country  of  brth,  pregnancy-induced 
hypertensive  diseases,  and  vaginal  bleed  hg  h  late  pregnancy).  Parity  te  incLided  h  tine  analysis  as  a  trine-dependent 
oovariate.  Placental  weight  is  adjusted  for  brth  weight  and  vice  versa. 

pNo  case  had  complete  information  on  covoriate®. 


Source:  Cnattingius  et  al.  JAMA  2005;294:2474-80 
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KEY  RESEARCH  ACCOMPLISHMENTS: 

•  Construction  of  a  data  base  of314,019  women  with  prospectively  collected  data  on 
pregnancy  characteristics  and  breast  cancer. 

•  Complete  follow-up  of  the  study  base  through  2001 . 

•  Performance  of  bivariate  and  multivariate  analysis,  indicating  that  placental  weight  influences 
mother’s  risk  of  breast  cancer. 

•  Finishing  of  work  with  poster  work  and  oral  presentation  to  be  presented  at  the  Department  of 
Defense  Breast  Cancer  Research  Program  Meeting,  in  Philadelphia,  June  2005. 

•  Finishing  of  manuscript,  and  submission  for  publication. 

REPORTABLE  OUTCOMES 

•  Cnattingius  S,  Torrang  A,  Ekborn  A,  Granath  F,  Petersson  G,  Lambe  M.  Placental 
weight,  birth  weight  and  risk  of  breast  cancer  after  giving  birth:  a  population-based 
Swedish  cohort  study.  Poster  and  oral  presentation  at  the  Department  of  Defense  Breast 
Cancer  Research  Program  Meeting,  in  Philadelphia,  June  2005  (poster  No.  P24-4). 

•  Cnattingius  S,  Torrang  A,  Ekborn  A,  Granath  F,  Petersson  G,  Lambe  M.  Pregnancy 
characteristics  and  maternal  risk  of  breast  cancer.  JAMA  2005;294:2474-80 

CONCLUSIONS: 

Our  work  suggests  that  placental  weight  is  positively  associated  with  maternal  breast  cancer  risk. 
These  results  further  support  the  hypothesis  that  pregnancy  hormone  exposures  influence 
mother’s  breast  cancer  risk.  However,  underlying  biological  mechanisms  responsible  for  these 
associations  remain  to  be  determined.  Such  mechanisms  may  not  only  include  pregnancy 
characteristics,  such  as  placental  hormones  and  breast  cell  differentiation,  but  also  non-pregnant 
hormonal  and  metabolic  characteristics  associated  with  placental  growth. 
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APPENDICES 

The  following  two  Appendices  are  included: 


1.  Cnattingius  S,  Torrang  A,  Ekbom  A,  Granath  F,  Petersson  G,  Lambe  M.  Placental 
weight,  birth  weight  and  risk  of  breast  cancer  after  giving  birth:  a  population-based 
Swedish  cohort  study.  Poster  and  oral  presentation  at  the  Department  of  Defense  Breast 
Cancer  Research  Program  Meeting,  in  Philadelphia,  June  2005  (poster  No.  P24-4). 

2.  Cnattingius  S,  Torrang  A,  Ekbom  A,  Granath  F,  Petersson  G,  Lambe  M.  Pregnancy 
characteristics  and  maternal  risk  of  breast  cancer.  JAMA  2005;294:2474-80 


11 


PLACENTAL  WEIGHT,  BIRTH  WEIGHT  AND  RISK  OF  BREAST  CANCER 
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There  is  little  question  about  the  importance  of  hormonal  factors  in  the  development  of 
breast  cancer.  During  pregnancy,  serum  levels  of  estrogens,  progesterone,  human 
placental  lactogene,  and  placental  growth  hormones  are  many  times  higher  than  during 
other  periods  of  life,  and  levels  of  insulin-like  growth  factors  (IgFs)  are  also  increased. 
Since  estrogens,  IgFs,  and  probably  also  other  placental  hormones  are  important  for 
breast  carcinogenesis,  levels  of  exposure  during  pregnancy  have  been  suggested  to 
influence  the  risk  of  breast  cancer  in  both  mothers  and  offspring.  Indirect  markers  of 
hormone  exposure  during  pregnancy  (i.e.,  placental  weight  and  birth  weight)  have 
inconsistently  been  associated  with  subsequent  risk  of  breast  cancer  in  the  mother. 

We  included  women  included  in  the  Swedish  Medical  Birth  Register,  who  delivered 
single  births  in  Sweden  1982-89  (n=314,019).  Women  were  followed-up  until  December 
31, 2001,  the  occurrence  of  breast  cancer,  death  or  emigration,  whichever  came  first. 
Proportional  hazard  models  were  used  to  estimate  associations  between  exposures  and 
breast  cancer.  Hazard  ratios  (HR)  were  used  to  estimate  relative  risks,  using  95% 
confidence  intervals  (Cl),  and  final  parity  number  was  used  as  a  time-dependent 
covariate. 

In  all,  2,216  women  developed  breast  cancer  during  the  follow-up,  of  which  95% 
(n=2,100)  were  younger  than  50  years  at  diagnosis.  Compared  to  women  with  placentas 
weighing  less  than  500  grams  at  first  birth,  there  was  an  almost  40%  increase  in  risk  of 
breast  cancer  among  women  with  placentas  weighing  at  least  700  grams  (adjusted  HR 
1.38;  95%  Cl  1.13-1.69).  Next,  we  restricted  our  study  population  to  121,713  women 
who  had  their  first  and  second  consecutive  single  birth  during  the  study  period,  of  whom 
in  all  884  developed  breast  cancer.  Compared  to  women  with  placentas  weighing  less 
than  500  grams  in  two  consecutive  pregnancies,  the  risk  of  breast  cancer  was  increased 
among  women  whose  placentas  weighed  500-699  grams  in  first  pregnancy  and  at  least 
700  grams  in  second  pregnancy  (or  vice  versa)  (adjusted  HR  1 .82;  95%  Cl  1 .09-3.12), 
and  among  women  whose  placentas  weighed  at  least  700  grams  in  both  pregnancies 
(adjusted  HR  2.10;  95%  Cl  1.18-3.72).  A  high  birth  weight  (>4,000  grams)  was 
associated  with  a  significantly  increased  risk  of  breast  cancer  before  (adjusted  HR  1 .42; 
95%  Cl  1 .02- 1 .80),  but  not  after  adjusting  for  placental  weight  and  other  covariates 
(adjusted  HR  1.10;  95%  Cl  0.76-1.59). 

Placental  weight  is  positively  associated  with  maternal  breast  cancer  risk.  As  pregnancy 
hormones  are  primarily  produced  in  the  placenta,  placental  weight  is  probably  a  better 


indirect  marker  than  birth  weight  of  pregnancy  hormone  exposures.  The  study  lends 
further  support  to  the  hypothesis  that  pregnancy  hormone  exposures  influence  mother’s 
breast  cancer  risk. 


The  U.S.  Army  Medical  Research  and  Materiel  Command  under  D AMD  17-03-01-0741 
supported  this  work. _ 
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Pregnancy  Characteristics  and 
Maternal  Risk  of  Breast  Cancer 


Context  During  pregnancy,  serum  levels  of  estrogen ,  progesterone,  and  other  hor¬ 
mones  are  markedly  h  igher  than  during  other  periods  of  life.  Pregnancy  hormones  pri¬ 
marily  are  produced  in  the  placenta,  and  signs  of  placental  impairment  may  serve  as 
indirect  markers  of  hormone  exposures  during  pregnancy.  During  pregnancy,  these 
markers  have  been  irconsistentiy  associated  with  subsequent  risk  of  breast  cancer  in 
the  mother. 

Objective  To  examine  associations  between  indirect  markers  of  hormonal  expo¬ 
sures,  such  as  placental  weight  and  other  pregnancy  characteristics,  and  maternal  risk 
of  developing  breast  cancer. 

Design  and  Setting  Population-based  cohort  study  using  data  from  the  Swedish 
Birth  Register,  the  Swedish  Cancer  Register,  the  Swedish  Cause  of  Death  Register,  and 
the  Swedish  Register  of  Population  and  Pcpulation  Changes. 

Partk pants  Women  included  in  the  Sweden  Birth  Register  whe  delivered  single- 
tons  between  1982  and  1989,  with  complete  information  on  date  of  birth  and 
gestational  age.  Women  were  followed  up  until  the  occurrence  of  breast  cancer, 
death,  or  end  of  follow-up  (December  31,  2001).  Cox  proportional  hazards  models 
were  used  to  estimate  associations  between  hormone  exposures  and  risks  of  breast 
cancer. 

Main  Outcome  Measure  Incidence  of  invasive  breast  cancer. 

Results  Of  314019  wemen  in  the  cohort,  22 16  (0.7%)  developed  breast  cancer  dur¬ 
ing  the  follow-up  through  2001,  of  whem  2100  (95%)  were  diagnosed  before  age 
50  years.  Compared  with  women  who  had  placentas  weighing  l?ss  than  500  g  in  2 
consecutive  pregnancies,  the  risk  of  breast  can: er  was  increased  among  women  whose 
placentas  weighed  between  500  and  699  g  in  their  first  pregnancy  and  at  least  700  g 
in  their  second  pregnancy  (or  vice  versa)  (adjusted  hazard  ratio,  1.82;  95%  confi¬ 
dence  interval  [Cl],  1 .07-3.08),  and  the  corresponding  risk  was  doubled  among  women 
whose  placentas  weighed  at  least  700  g  in  both  pregnandes  (adjusted  hazard  rati}, 
2.06;  95%  Cl,  1 .15-3.64).  A  high  birth  weight  ( s4CO0  g)  in  2  successive  births  was 
associated  with  an  increased  risk  of  breast  cancer  before  but  not  after  adjusting  for 
placental  weight  and  other  covariates  (adjusted  hazard  ratio,  1.10,  95%  Cl,  0.76- 
1.59). 

Conclusions  Placental  weight  is  positively  associated  with  maternal  risk  of  breast 
cancer.  These  results  further  support  the  hypothesis  that  pregnancy  homiones  are  im¬ 
portant  modifiers  of  subsequent  maternal  breast  cancer  risk. 

JAMA.  200^294:2474-2490  vmv.r9nu.ccm 
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Hormonal  factors  put  a  key 
role  in  the  development  of 
breast  cancer.  Early  mcnar- 
chc,  late  menopause,  and 
long-term  use  of  hormone  therapy 
repeatedly  have  been  shown  to  be 
associated  with  increased  risks  of  breast 
cancer. The  short-term  and  long¬ 
term  risk-modifying  effects  of  parity  also 
are  well  documented.2  but  little  infor¬ 
mation  is  known  about  the  underlying 
biological  mechanisms.  Scrum  levels  of 
estrogens,  progesterone,  human  placen¬ 
tal  lactogcnc,  and  placental  growth  hor¬ 
mones  are  many  times  higher  during 
pregnancy  than  during  other  periods  of 
life,’  and  pregnant  women  also  are  ex¬ 
posed  to  elevated  levels  of  insulin-like 
growth  factors.6  Since  several  of  these 
hormones  have  been  implicated  in  breast 
carcinogenesis,1'  it  is  of  interest  to  ex¬ 
plore  how  different  markers  of  endo¬ 
crine  exposure  during  pregnancy  may  be 
associated  with  the  tide  of  breast  cancer 
in  both  mothers  and  offspring  ® 
Pregnancy  hormones  primarily  are 
produced  in  the  placenta,  and  signs  of 
placental  impairment  may  serve  as  in¬ 
direct  markers  of  hormone  exposures 
during  pregnancy.  Cohn  ct  al'°  re¬ 
ported  that  low  placental  weight,  small 
placental  diameter,  maternal  floor  in¬ 
farction  of  the  placenta,  and  eleva¬ 
tions  in  bicod  pressure  between  the  sec¬ 
ond  and  third  trimester  were  associated 
with  relatively  strong  and  indepen¬ 


dent  reductions  in  maternal  risk  of 
breast  cancer.  Since  the  included  vari¬ 
ables  generally  were  presented  to  maxi¬ 
mize  apparent  effects,  an  accompany¬ 
ing  editorial  suggested  that  '‘thercsults 
should  be  viewed  as  hypotheses  await¬ 
ing  testing . . .  *  and  that  “studies  based 
on  larger  number  of  cases  are  needed. 1 
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PREGNANCY  CHARACTERISTICS  AND  MATERNAL  RISK  OF  BREAST  CANCER 


The  linkage  of  the  nationwide  Swed¬ 
ish  research  registries  provided  an  op¬ 
portunity  to  use  data  collected  prospec¬ 
tively  to  further  investigate  the  possible 
associations  between  indirect  markers 
of  hormonal  exposures  during  preg¬ 
nancy,  such  as  placental  weight,  off¬ 
spring’s  birth  weight,  pregnancy  com¬ 
plications,  and  subsequent  maternal 
risk  of  developing  breast  cancer. 

METHODS 

Data  Sources 

The  Swedish  N ational  Board  of  Health 
and  Welfare  and  Statistics  Sweden  pro¬ 
vided  access  to  data  from  4population- 
based  registers.  Individual  record  link¬ 
age  across  these  registers  was  possible 
through  the  unique  National  Registra¬ 
tion  Number  assigned  to  each  Swed¬ 
ish  resident. 

The  Birth  Register  includes  informa¬ 
tion  collected  prospectively  on  more 
than  99%  of  all  births  in  Sweden.12  In¬ 
formation  abcut  placental  weight  was  in¬ 
cluded  in  the  Birth  Register  between 
1982  and  1989.  Complications  during 
pregnancy  and  delivery  are  classified  ac¬ 
cording  to  the  Swedish  version  of  the  In¬ 
ternational  Classification  of  Diseases 
(ICDs):  ICD-8  was  used  from  1982  to 
1986,  and /CD-9  was  used  from  1987  to 
1 996.  The  Cancer  Register  inc  ludes  his¬ 
tologically  verified  cancers,  and  the  com¬ 
pleteness  has  been  evaluated  to  exceed 
93%.15  To  facilitate  comparisons  over 
time,  cancer  registration  also  has  been 
classified  according  to  /CD-7  for  later 
years.  The  Cause  of  Death  Register  in¬ 
cludes  information  about  date  and  cause 
of  death  on  all  Swedish  residents.  The 
completeness  has  been  estimated  to  ex¬ 
ceed  99% (results  are  available  [mainly 
in  Swedish|  on  the  Web:  http7/www 
scs.so'epc/dorsAdcdsreg  htm).  The  Reg¬ 
ister  of  Population  and  Population 
Changes  includes  information  about 
dates  of  birth,  death,  emigration,  and  im¬ 
migration  of  all  Swedish  residents. 

Study  Population 

The  study  population  was  defined  as  all 
primiparous  women  included  in  the 
Birth  Register  who  delivered  single 
births  between  1982  and  1989 


(N  =  315  339).  In  the  study  popula¬ 
tion,  314  019  women  (99.6%)  had  com¬ 
plete  information  abaut  date  of  birth 
and  gestational  age,  and  121283 
women  also  had  a  second  consecutive 
single  bitth  between  1982  and  1989. 
Through  record  linkages  with  the  Can¬ 
cer  Register,  the  Cause  of  Death  Reg¬ 
ister,  and  the  Register  of  Population  and 
Population  Changes,  women  were  fol¬ 
lowed  up  until  the  occurrence  of  breast 
cancer,  death,  emigration,  or  end  of  fol¬ 
low-up  (December  31,  2001),  which¬ 
ever  came  first. 

Ascartaimront  of  Exposures 
and  Outcomes 

The  following  information  from  first 
and  second  consecutive  single  deliver¬ 
ies  was  collected  from  the  Birth  Regis¬ 
ter:  placental  weight,  birth  weight,  ges¬ 
tational  age  (in  completed  weeks),  and 
sex  of  infant.  The  following  maternal 
characteristics  were  collected:  mater¬ 
nal  age  at  delivery,  family  situation  (liv¬ 
ing  with  infant's  father  or  not),  smok¬ 
ing  at  registration  to  antenatal  care 
(nondaily  smoking  and  daily  smok¬ 
ing),  mother’s  country  of  birth  (Nor¬ 
dic  [ie,  Sweden,  Denmark,  Finland,  Ice¬ 
land,  and  Norway]  or  non-Nordic), 
maternal  height  and  weight  (mea¬ 
sured  at  the  time  of  entry  to  the  deliv¬ 
ery  ward),  hypertensive  disease  dur¬ 
ing  pregnancy  ( ICDS  code  637  and 
/CD-9  code  642),  diabetes  (progesta¬ 
tional  and  gestational  diabetes  melli- 
tus  [/CD-8  code  230  and  ICD-9  codes 
648 A  and  648\V|),  and  vaginal  bleed¬ 
ing  in  late  pregnancy  (/CD-8  codes  632 
and  631  and  ICD-9  code  641).  Body 
mass  index  (BMl )  was  calculated  as  the 
weight  in  kilograms  divided  by  the 
height  in  meters  squared.  Information 
about  the  diagnoses  of  breast  cancer  was 
derived  from  the  Cancer  Register 
(ICD-7  code  170).  Cases  were  defined 
as  the  first  breast  cancer  diagnosed  af¬ 
ter  the  first  birth. 

The  study  was  approved  by  the  re¬ 
search  ethics  committee  at  Karolinska 
Institute!,  Stockholm,  Sweden.  The  re¬ 
search  ethics  committee  did  not  re¬ 
quire  the  women  to  provide  informed 
consent. 


Statistical  Analyses 

Crude  bivariate  associations  between  the 
independent  variables  and  breast  can¬ 
cer  risk  were  assessed  by  unadjusted  in¬ 
cidence  rates  (ie,  number  of  breast  can¬ 
cer  cases  per  100000  person-years). 
Adjusted  associations  between  hor¬ 
mone  exposures  and  breast  cancer  risk 
were  assessed  by  weighted  Cox  propor¬ 
tional  hazards  models.  The  time  scale 
used  was  time  since  pregnancy,  and  to 
control  for  the  effects  of  both  attained 
age  and  age  at  first  birth,  we  chose  to 
condition  (weigh)  the  analysis  on  age  at 
first  birth  in  3-year  age  bands 

The  following  factors  were  included 
in  the  models:  placental  weight,  birth 
weight,  gestational  age,  infant  sex,  fam¬ 
ily  situation,  smoking  habits,  mother's 
country  of  birth,  height,  BMl,  pregnancy- 
induced  hypertensive  diseases,  vaginal 
bleeding  in  late  pregnancy,  diabetes 
mellitus,  and  parity.  Because  out  of  the 
total  population  only  10  women  with 
diabetes  mellituslater developed  breast 
cancer,  diabetes  mellitus  was  not  in¬ 
cluded  as  a  covariate  in  the  analysis  of 
successive  births  and  in  the  stratified 
analyses.  Parity  was  adjusted  for  by  in¬ 
troducing  subsequent  births  as  time- 
dependent  covariates, splitting  the  risk 
time  according  to  parities  1, 2,  and  3  or 
more.  Gestational  age  was  estimated  in 
completed  weeks  and  categorized  as  36 
or  less,  37, 38, 39, 40, 41 ,  and  42  or  more 
weeks.  Other  variables  were  catego¬ 
rized  according  to  TABLE  1, 

The  hazard  ratio  was  used  as  a  mea¬ 
sure  of  relative  risk,  using  93%  confi¬ 
dence  intervals  (Cls).  To  test  for  trend, 
the  categories  for  placental  weight  and 
birth  weight  were  cquidistantly  scored 
and  entered  as  continuous  variables  into 
the  designated  Cox  proportional  haz¬ 
ards  models. 

Different  models  were  used  to  ana¬ 
lyze  the  associations  between  placen¬ 
tal  weight,  birth  weight,  and  risk  of 
breast  c  ancer.  Fitst,  placental  weight  and 
birth  weight  were  used  as  continuous 
variables,  and  estimated  risk  of  breast 
cancer  related  to  a  100-g  increase  in  pla¬ 
cental  weight  and  a  300-g  increase  in 
birth  weight.  The  possibility  of  using 
quartilcs  to  categorize  placental  weight 


02005  American  Medical  Association  All  rights  reserved. 


(Reprinted)  IAV  A.  November  10  2005 — Vol  29-1,  No.  10  2475 


PREGNANCY  CHARACTERISTICS  AND  MATERNAL  RISK  OF  BREAST  CANCER 


TaNe  1 .  Pregnancy  and  Infant  Characteristics  (Primlparous  V.'ccnen  In  Sweden  1982-1989) 
n  Relation  to  Unadjusted  Incidence  Rates  of  Breast  Cancer  (N-914019)* 

Characteristic* 

Cohort  No.  (%) 

Breast  Cancer,  No. 
llncidertce  Ratelf 

Flacertd  -Might ,  g 

s.499 

48  512(204) 

297  (3.99) 

600699 

79560(33.5) 

626(431) 

600699 

64984(27.4) 

469(4.70) 

■c7C0 

44433(18.7) 

361  (530) 

Mooing 

76521 

663(4.78) 

Bilh  weight,  g 

14369(4.0 

106(469) 

25CO-3499 

155758(49.9) 

1046(438) 

39:0-4499 

136508  (43.7) 

KOI  (4.78) 

-4603 

6761  (18) 

52(688) 

Mooing 

1623 

16(637) 

GeetalKnal  age,  e.4 

s36 

16201  (5.3 

116(4  j63) 

37-39 

98399(31.3) 

674  (4.46) 

40-41 

154587(49.2) 

1073(483) 

£42 

44829(14.3) 

354(5.14) 

hkrit  eex 

Biy 

161  474(51.4) 

1152(466) 

Git 

152  514(48.6) 

1064  (4,56) 

Mooing 

31 

0 

can  -u  dog-pocM  altar  tlrst  tilh  tail  baoers  January  t ,  2022. 
lUnacRntod  rdlart  ntsc  par  10C00  poroan-yeam 

(£500  g,  501-580  g,  581-660  g,  and 
>661  g)  and  birth  weight  (£3110  g, 
3111  -3440  g.  344 1 -3765  g,  and  >3766 
g)  then  was  inv  estigated.  Thus,  the  dif¬ 
ference  in  placental  weight  between  the 
highest  and  lowest  quartilcs  may  be  as 
small  as  161  g,  and  the  corresponding 
difference  for  birth  weight  may  be  as 
small  as  656  g.  A  problem  also  arose 
with  imprecise  measurements  of  pla¬ 
cental  weights  because  weights  primar¬ 
ily  were  recorded  to  the  nearest  50-  or 
100-g  category.  Categorizing  placen¬ 
tal  weight  and  birth  weight  into  quar¬ 
tilcs  therefore  may  not  be  optimal,  since 
it  provides  a  narrow  range  of  expo¬ 
sures  and  a  risk  of  misclassifying  pla¬ 
cental  weight.  T o  provide  a  wider  range 
of  exposures  and  to  reduce  the  risk  of 
misclassification  of  placental  weight  the 
risk  of  breast  cancer  related  to  placen¬ 
tal  weight  and  birth  weight  in  first  birth 
was  analyzed  using  the  following  cat¬ 
egories  of  placental  weight:  499  g  and 
less,  500  to  599  g,  600  to  699  g,  and  700 
g  and  more;  and  birth  weight:  2499  g 
and  less,  2500  to 349?  g,  3500  to  4499 
g,  and  4500  g  and  more. 


A  secondary  analysis  included  the 
risk  of  breast  cancer  as  it  related  to  pla¬ 
cental  weight  and  birth  weight  in  the 
first  as  well  as  thesecond  birth.  Again, 
similar  weighted  Cox  hazards  regres¬ 
sion  models  were  applied  as  above,  with 
the  difference  that  they  were  condi¬ 
tioned  by  mother's  age  at  second  birth 
and  adjusted  for  mother's  age  at  first 
birth.  To  reduce  the  number  of  com¬ 
binations,  3  categories  of  placental 
weight  ( £49?  g,  500-699  g,  and  >700 
g)  and  birth  weight  (£2499  g,  2500- 
3999  g,  and  >4000  g)  were  used  in 
these  analyses. 

Whether  the  effect  of  placental 
weight  on  breast  cancer  risk  was  modi¬ 
fied  by  maternal  age  at  first  birth  and 
time  of  follow-up  also  was  investi¬ 
gated.  To  maximize  power,  only  data 
from  first  birth  in  the  entire  cohort  in 
the  interaction  analyses  were  used  and 
maternal  age  at  first  birth  by  median  age 
among  cases  (£30  years  and  >31  years) 
was  dichotomized.  Time  of  follow-up 
was  dichotomized  using  median  time 
from  date  of  first  delivery  to  date  of 
breast  cancer  diagnosis  (median  time 


of  follow-up  was  11  years  and  7 
months).  In  the  interaction  analyses,  4 
categories  of  placental  weight  were  used 
(£499  g,  500-599  g,  600-699  g,  and 
>700  g).  Statistical  analyses  were  per¬ 
formed  using  the  SAS  pregram  pack¬ 
age  (SAS  Institute  Inc,  Cary,  NC).  An 
outcome  with  P<. 05  was  considered 
statistically  significant. 

RESULTS 

In  the  cohort  of  314  019  women  who 
delivered  their  first  singleton  birth  be¬ 
tween  1982  and  1989,2216(0.7%)  de¬ 
veloped  breast  cancer  during  the  time 
of  follow-up,  of  whom  2100  (95%)  were 
diagnosed  before  age  50  years. 

Table  1  and  TABLE 2  show  the  distri¬ 
bution  of  prcgpancy  and  maternal  char¬ 
acteristics  at  fust  birth  in  relation  to  un¬ 
adjusted  incidence  rates  of  breast  cancer 

Ecr  10  (XX)  person-years  for  the  entire  co¬ 
on  The  incidence  rate  of  breast  can¬ 
cer  consistently  increased  with  placen¬ 
tal  weight  (3.99  for  £499  g  and  5.30  for 
>700  g)  (Table  1).  Women  who  deliv¬ 
ered  an  infant  with  a  high  birth  weight 
(>4500  g)  had  a  higher  incidence  rate 
of  breast  cancer  than  women  who  de¬ 
livered  infants  with  a  lower  birth  weight. 
Rates  of  breast  cancer  were  increased 
among  women  with  a  post-term  birth 
(>42  weeks)  compared  with  women 
with  shorter  gestation  times.  A  strong 
positive  association  between  maternal 
age  at  first  birth  and  incidence  rate  of 
breast  cancer  was  observed,  that  is,  the 
older  the  mother  the  higher  the  inci¬ 
dence  rate  of  breast  cancer  (Table  2). 
Since  maternal  age  at  first  birth  was  rela¬ 
tively  evenly  distributed  over  time,  this 
association  primarily  was  mediated  by 
age  at  first  birth  reflects  age  at  follow¬ 
up.  However,  the  well-documented 
effect  of  age  at  first  birth  per  se  on  risk 
of  breast  cancer2  also  most  likely  con¬ 
tributed  to  the  obtained  association.  The 
incidence  rate  of  breast  cancer  also  in¬ 
creased  with  maternal  height.  Women 
with  a  high  BMI  (S29.0)  had  lower  in¬ 
cidence  rates  of  breast  cancer  than  those 
women  who  had  lower  BMls,  and  smok¬ 
ers  during  pregnancy  appeared  to  have 
lower  incidence  rates  of  breast  cancer 
than  nonsmokers. 
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In  ihc  adjusted  analyses,  placental 
weight  and  birth  weight  as  continu¬ 
ous  variables  were  analysed  first.  The 
adjusted  hazard  ratio  of  breast  cancer 
related  to  ltXVg  increase  in  placental 
weight  was  1.07  (93%  Cl,  1.02-1.13; 
P=.01)  in  the  fully  adjusted  model. 
When  birth  weight  was  excluded  as  a 
covariate,  this  risk  increased  (ad¬ 
justed  hazard  ratio,  1 .09,93%  Cl,  1.03- 
1 . 14,P<001 ).  Birth  wdght  was  net  sig¬ 
nificantly  associated  with  breast  cancer 
in  the  fully  adjusted  model ,  and  the  ad¬ 
justed  hazard  ratio  of  breast  cancer  that 
related  to  a  300-g  increase  in  birth 
weight  was  1.05  (93%  Cl,  0.97-1.14; 
P=.21).  However,  when  the  analysis 
was  repeated  after  excluding  placental 
weight,  the  risk  of  breast  cancer  re¬ 
lated  to  a  300-g  increase  in  birth  weight 
amounted  to  an  adjusted  hazard  ratio 
of  1.11  (93%  Cl,  1.04-1.18;  P<.001). 

Compared  with  women  who  had  a 
placental  weight  of  less  than  500  g, 
women  who  had  a  placental  weight  of 
at  least  700  g  faced  a  38%  increase  in 
risk  of  breast  cancer  (TABLE  3).  In  age- 
adjusted  analysis,  mothers  of  infants 
with  a  birth  weight  of  at  least  4300  g 
had  a  30%  increased  risk  of  breast  can¬ 
cer  compared  with  mothers  of  infants 
with  a  birth  weight  between  2300  and 
3499  g  However,  this  increase  in  risk 
disappeared  in  the  adjusted  analysis 
(Table  3).  When  placental  weight  was 
excluded  from  the  fully  adjusted  model, 
the  corresponding  risk  was  1.22  (99% 
Q,  0.86-1,73). 

Compared  with  women  with  only  1 
birth  from  1983  through  2001  .women 
with  at  least  3  births  were  at  reduced 
risk  of  breast  cancer  (adjusted  hazard 
ratio,  0.77, 93%  Cl,  0.64-0.92).  Women 
who  were  taller  had  an  increased  risk 
of  breast  cancer  (adjusted  hazard  ratio, 
1 33,93%  0. 1.0e-1.63)coni|»redwith 
women  with  a  height  from  165  to  169 
cm.  Compared  with  women  with  a  BM1 
from  25.0  to  26.9.  women  with  a  BM1 
of  29.0  or  more  had  a  reduced  risk  of 
breast  cancer  (adjusted  hazard  ratio, 
0.83, 93%  Cl,  0.72-0.99).  Women  with 
diabetes  mellitus  had  higher  placental 
weights  than  women  who  did  not  have 
diabetes  mellitus  (median  weights  were 


380  g  and  61 0  g,  respectively;  P<  .00 1 , 
using  the  Wilcoxon  rank  sum  test). 
However,  diabetes  was  not  associated 
with  breast  cancer  risk,  neither  in  the 
age-adjusted  nor  in  the  fully  adjusted 
analyses  (hazard  ratios  were  0.77  (93% 
a, 6.41-1.431  and  1.07  |93%CI,0.31- 
2.25),  respectively).  Younger  women 
more  often  were  smokers  than  older 
women,  and  smoking  during  preg¬ 


nancy  was,  in  the  age-adjusted  and  fully 
adjusted  analyses,  not  associated  with 
risk  of  breast  cancer.  Other  factors, 
including  gestational  age,  infant  sex, 
family  situation,  mother  s  country  of 
birth,  and  pregnancy  complications,  did 
not  influence  breast  cancer  risk  (data 
not  shown). 

Next,  our  study  population  was 
restricted  to  121 285  women  who  had 


Table  2.  Maternal  Characteristics  (Prtmlparous  Women  In  Sweden,  1982-1989)  In  RelatLn  to 
L'nadfusted  Indderee  Rates  of  Breost  Career  (N  -  314019)* 

Maternal  Characteristic  a 

Cohort,  No.  (%) 

Breast  Cancer,  No. 
(hcidence  Rate'rf 

Aged  frsl  birth,  y 
s19 

22 138  (7.0) 

31  iO.90fi 

20-24 

119402(38.01 

319(1.73i 

25-29 

1 14  £44 136.6) 

830(4.72) 

30-31 

44  724 (14.9 

632  (9.35) 

£36 

13211  (42) 

404 1204) 

l-teicfr ,  cm 

i1&9 

31  024  (12.4) 

177(3.75) 

160-164 

67087(268) 

440(4.28) 

166- ie® 

77270133.9 

536(4.54) 

£170 

75016(30.9 

662  (5.28) 

Mimhg 

63622 

461  (4.62i 

Bf.1l 

=.249 

67671  128.41 

467(4.48) 

25-26.9 

&3  432  |25.4| 

468  (5.05) 

27-28.9 

48  338(20.9 

372(5.04) 

£29 

61  628  |25.9 

366)3.93) 

Mimhg 

75960 

543  (4.000 

Smoking 

No 

199642170.9 

1445(4.78) 

Ye* 

84  243  (29.7) 

530(4.09) 

Mimhg 

30131 

241  (483) 

Farril,'  siiraticn 
'.choblirrj 

267926(91.9 

1878  (4.61) 

Not  ochnbiting 

24  432  (B  ,4| 

1 66  (4.25) 

Mimhg 

21 661 

182(487) 

Country  cl  birth 

Ncrcfc 

293388  (93.7) 

2070(4.68) 

Non-Norda 

19615  |63| 

131(4.77) 

Mimhg 

1016 

12(8.400 

Pregmncyandiiced 

hr.pwtenar.'e  cfceoee* 

No 

292683(93.9 

2064(4.68) 

Ye* 

21436(68| 

162(482) 

Diabetes  mHfua 

No 

312421  |39.6) 

22C6(4.60Ti 

Ye* 

1698)05) 

10(4.25) 

Vagrd  bieedng  h  late  pregnancy 

No 

305925(97.41 

2146(4.67) 

Ye* 

8094 12£) 

70(5.67) 

Oreral 

314019 

2216 
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fheLr  first  and  second  consecutive 
single  birttis  during  the  study  period, 
of  whom  801  developed  breast  cancer 


after  the  second  birth.  To  increase  the 
[rover  of  our  estimates,  only  3  catego¬ 
ries  of  placental  weight  (£4£9  g,  300 


Table  3,  Placental  Weight  and  BlUi  iVp'eJgJit  In  Ftst  Plith  and  Hazard  Ratios  of  Breast  Cancer 

Heza 

id  IRatio  (95%  C[|  by RacentelWeight,  g 

1 

<499 

900599  600-999 

i700  Trend 

Ctrl  y  a  gt-  uol  e-d H 

IJQG 

i  .1 1  (0.97- 1 .23)  1.22(1.06-141) 

1.34(1. 15- 1.69)  <.001 

Filly  Bc|jatBdt 

1.CO 

1JCP  (0.90-1.27)  1.17(0.97-1  41) 

1.39  (1. 19-1.991  .001 

Birth  Wo ig Fit,  g 

±.2499 

2500-9499  99004499 

£4900  1 

CHyago-nc^LElod 

0.99  pflO-1.2q 

1.03  1.11  (1.02-1  21) 

1.30(069-1,7^  .00:1 

Filly  mlaatsdi 

Qfl9(Q63  1.271 

1.03  1.00  (097-1 .15) 

1.09(074-1,67)  .71 
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lata.  Plkifld  -,v:nh!  Is  kfjdGd  ki  tiihwst^ii  arid  tni'h  v.  infil  Iso^usied  kr  plaaertalwakfa  (n  cptrnsi 


TaMe  A.  Placental  Weight  -and  Birth  Weight  In  Fist -and  Second  Consecutive  Blilhsaid 
Hazard  Patios  of  Breast  Cancer  jn  -  121 265) 

Hac-snd  Ratio  1)39%  Cl) 

Characteristics  I - 1 - 1 


by  nret'‘S»ond 
Regrvancy 

%  of 
Worne-n 
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31.0 

292  15.57) 
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0.6 

7  17771 
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166iO.46-5.99i 

<2499,2503-3999 

4.9 

34  [4.12 
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0.96  (0.55-1. 7- 3i 

±,2 4 99.'' i  4  010 

0.3 

3  (572) 

1.13(0.36-3.6C(i 

Irpde-lemTi’i.qlel: 

2300-39992600-3969 

67.0 

661  [493 

1.00 

1.00 

25030- 39 99',£4COO 

19.7 
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1 .037  (094-1 .33fi 

i4000'£4i300 

69 
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0.3 
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Table  5 .  Plaiantal  Weight  In  First  Birth  and  Adjusted  Hazard  Patios  of  Breast  Cancer* 

Hazard  Ratio  (99%  C[|  by  Rac  ental  Weight  g 

Maternal  Age  | - 1 — - 1  P  Value 


at  Flr-S  Biith.  y 
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600599 
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to  699  g,  and  St  700  g)  and  birth 
weight  (<2449  g,  2300  bo  3999  g,  and 
^4000  g)  wete  used.  Compared  with 
women  whose  placenlss  had  a  weight 
of  less  than  3 CO  g  in  both  pregnancies, 
women  whose  placentas  weighed 
between  300  and  699  g  in  tbe  first 
pregnancy  and  700  g  or  more  in  Lhe 
second  pregnancy  (or  vice  versa)  faced 
an  62%  increase  in  risk  of  brewt  can¬ 
cer  (adjusted  hazard  ratio,  1 .02,  93% 
Cl,  L. 07-3.CS),  and  tbe  corresponding 
risk  among  women  whose  placentas 
weighed  at  Least  7Q0  g  in  both  preg¬ 
nancies  was  more  than  doubled  (ad¬ 
justed  hazard  ratio,  2.03;  93%  Cl, 
LI 3-3.64)  (TABLE  4).  A  high  birth 
weight  (^4000  g)  in  2  successive 
binbs  was  associated  with  a  significant 
increase  in  risk  of  breast  cancer  before 
but  not  after  adjusting  for  placental 
weight  and  other  covariates  (adjusted 
hazard  ratio,  1 . 1 0;  93%  CJ,  0.76-1 . 39). 

In  the  entire  cohort  (N  =  314  019),  a 
sigpi  ficant  interaction  was  observed  be¬ 
tween  mother's  age  at  first  birch  and  pla¬ 
cental  weight  with  regard  to  breast  can¬ 
cer  risk  (P=  02) .  Among  women  aged 
30  years  or  younger  at  First  hirLh,  pla¬ 
cental  weight  was  not  significantly  as¬ 
sociated  with  increased  Tisk  of  breast 
cancer  (TABLE  3).  In  contrast,  among 
women  aged  30  Years  or  older  at  first 
hirLh,  che  risk  of  breast  cancer  was  in¬ 
creased  by  close  to  7C%  among  women 
who  had  a  placental  weight  of  at  Least 
700  g,  compared  with  women  who  had 
a  placental  weight  of  less  than  3(X)  g 
(adjusted  hazard  ratio,  1.67,  93%  CJ, 
1.21-2.30,  P<  .001 ) .  In  addition, 
whether  the  association  between  pla¬ 
cental  weight  and  breast  cancer  risk  was 
modified  by  Lime  of  follow-up,  using 
median  time  from  fust  delivery  bo  breast 
cancer  diagnosis  as  a  cut-off,  was  bested. 
No  statistically  significant  interaction 
was  found  between  placental  weight 
and  time  of  follow-up  with  regard  to 
breast  cancer  risk  (P=  12). 

COMMENT 

In  the  present  population- based 
cohort  study,  mother’s  risk  of  (pre¬ 
dominantly  premenopausal)  breast  can¬ 
cer  increased  with  placental  weight. 
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Compared  with  women  who  had  a  low 
placental  weight  ( g)  in  2  succes¬ 
sive  pregnancies,  the  risk  of  breast  can¬ 
cer  w  as  doubled  among  mothers  whose 
placentas  weighed  700  g  or  more  in 
both  pregnancies.  High  birth  weight 
was  associated  with  an  increase  in  risk 
of  breast  cancer  before  but  not  after  ad¬ 
justing  for  placental  weight  and  other 
covariatcs. 

Our  finding  of  a  positive  association 
between  placental  wcigfit  and  breast  can¬ 
cer  risk  may  reflect  th  at  exposures  to  el¬ 
evated  levds  of  pregnancy  hormones  in¬ 
fluence  the  risk  of  breast  cancer.  The  role 
of  estrogens  in  breast  carcinogenesis  is 
well  established,  and  serum  estrogen  lev¬ 
els  are  at  least  10  times  higher  during 
pregnancy  compared  with  other  times  of 
life.*  Estradiol  is  considered  more  bio¬ 
logically  active  than  cstriol  J*  However, 
cstriol  is  the  dominating  estrogen  dur¬ 
ing  pregnancy,14  and  maternal  scrum  lev¬ 
els  of  cstriol  have,  in  contrast  to  mater¬ 
nal  scrum  levels  of  estradiol,  been 
positively  associated  with  placental 
wcigftt.15 

The  association  between  placental 
weight  and  breast  cancer  risk  also  may 
be  explained  by  exposures  to  other  hor¬ 
mones  or  other  maternal  factors.  For  ex¬ 
ample,  maternal  serum  levels  of  the 
anti- estrogenic  homiones  testosterone 
and  Qt-fctoprotcin  also  increase  during 
pregnancy1®  ’’  and  are  further  increased 
among  women  with  preeclampsia.1®1® 
Precclamp>sia  has  been  associated  with 
a  reduced  risk  of  breast  cancer,10®'22 
and  the  occurrence  of  precclamp>sia 
interferes  with  placental  growth  and 
function.25  If  high  serum  levels  of  tes¬ 
tosterone  and  a-fetoprotcin  are  associ¬ 
ated  with  low  placental  weight,  the 
antiestrogenic  effects  of  these  hor¬ 
mones  may  explain  the  association  be¬ 
tween  low  placental  weight  and  low  risk 
of  breast  cancer.  Insulin-like  growth 
factors  also  are  important  for  breast 
carcinogenesis,’2’  and  placental  weight 
has  been  shown  to  be  positively  associ¬ 
ated  with  maternal  serum  levels  of 
insulin-like  growth  factor  1.® 

Finally,  several  maternal  factors 
may  influence  both  placental  weight 
and  mother's  risk  of  breast  cancer.  We 


controlled  for  the  possible  influence  of 
parity,  maternal  height,  body  mass 
index,  smoking,  and  hypertensive  dis¬ 
eases  during  pregnancy,  but  only 
maternal  height  is  positively  associ¬ 
ated  with  both  placental  weight  and 
premenopausal  risk  of  breast  can¬ 
cer.’  2* 3  Ethnicity  was  not  an  issue, 
since  we  primarily  included  white 
women  and  also  controlled  for  moth¬ 
er’s  country  of  birth.  We  did  lack 
information  about  weight  gain  during 
pregnancy,  which  has  been  shown  to 
be  positively  associated  with  placental 
weight2*  and  overall  risk  of  breast  can¬ 
cer.20  The  influence  of  fetal  factors  on 
placental  growth  may  be  limited, 
because  placental  growth  precedes  and 
influences  fetal  growth.2" 20 

We  found  that  the  association  be¬ 
tween  placental  weight  at  first  birth  and 
breast  cancer  risk  may  be  more  pro¬ 
nounced  among  women  aged  30  years 
or  older  at  first  birth.  These  results  sup¬ 
port  previous  findings  of  a  larger  short¬ 
term  increase  in  the  risk  of  breast  can¬ 
cer  after  childbirth  among  women  who 
were  older  (35  years  or  older)  at  their 
first  delivery.2®  The  transient  in¬ 
creased  risk  of  breast  cancer  after  child¬ 
birth  has  been  suggested  to  reflect  a  pro¬ 
motional  effect  of  elevated  pregnancy 
homiones  on  premalign ant  or  preex¬ 
isting  malignant  cells,  and  women  in 
higher  childbearing  ages  are  more  likely 
to  harbor  tumor  cells  whose  malig¬ 
nant  transformation  have  already  be¬ 
gun."  Results  horn  a  Danish  study  in¬ 
dicate  that  a  possible  association 
between  high  birth  weight  and  in¬ 
creased  risk  of  breast  cancer  may  be  re¬ 
stricted  to  breast  cancer  occurring 
shortly  after  delivery.20  We  could  not 
demonstrate  that  time  since  delivery 
modified  the  effect  of  placental  weight, 
but  our  study  includes  primarily 
women  with  premenopausal  breast  can¬ 
cer.  Hence,  we  cannot  exclude  that  the 
risk  of  breast  cancer  related  to  placen¬ 
tal  weight  may  be  modified  by  time  of 
follow-up. 

Birth  weight  also  is  positively  asso¬ 
ciated  with  maternal  scrum  levels  of  es¬ 
trogen.14  We  observed  that  birth  weight 
was  positively  associated  with  in¬ 


creased  breast  cancer  risk  before  but  not 
after  adjusting  for  placental  weight  Be¬ 
cause  the  placenta  is  the  major  source 
of  most  pregnancy  homiones,  this  find¬ 
ing  seems  reasonable,  given  the  close 
correlation  between  placental  weight 
and  birth  weight.21 

We  could  not  replicate  previous  find¬ 
ing?  that  hypertensive  diseases  during 
pregnancy  have  a  protective  effect  on 
a  mother's  risk  of  developing  breast  can¬ 
cer. ,020-22  Information  on  hyperten¬ 
sive  diseases  predominantly  was  based 
on  diagnostic  codes  using  ICD-8,  and 
results  from  a  prcviousvalidation  study 
suggested  that  the  specificity  of  the  di¬ 
agnoses  “ hypertensive  diseases  dur¬ 
ing  pregnancy’  was  much  lower  using 
ICD-8  than  ICD-9  codes.12  Thus,  we 
cannot  exclude  that  the  negative  re¬ 
sults  in  our  study  may  reflect  an  im¬ 
precise  classification  of  exposures. 

The  Swedish  Birth  Register  pro¬ 
vided  a  powerful  study  base,  and  it  en¬ 
abled  us  to  include  information  from 
first  births  of  more  than  2000  women 
who  later  developed  breast  cancer.  Our 
data  set  also  permitted  adjustments  for 
total  parity  and  other  known  and  pos¬ 
sible  risk  factors  for  breast  cancer.  Be¬ 
cause  the  large  majority  of  cases  were 
diagnosed  before  age  50  years,  it  is  un¬ 
likely  that  confounding  by  meno¬ 
pausal  status  occurred.  In  contrast  to 
previous  studies,  we  were  able  to  in¬ 
clude  information  on  placental  weight 
and  other  maternal  exposures  from  2 
consecutive  pregnancies  in  a  large  co¬ 
hort  of  women.  Information  about  the 
exposures  was  collected  prospec¬ 
tively,  which  precludes  recall  bias. 

Growth  of  the  placenta  stops  earlier 
than  fetal  growth,”  and  degenerative 
changes  in  placental  tissue  arc  com¬ 
mon  at  term.”  Placental  weight  in¬ 
cludes  both  vital  and  degenerative  pla¬ 
cental  tissue  and  is  probably  an 
imprecise  measure  of  the  endocrine  ca¬ 
pacity  of  placental  tissue.  Moreover, the 
amount  of  blood  in  the  placenta  influ¬ 
ences  placental  weight  and  routines  to 
clear  the  placenta  from  blood  after 
childbirth  may  differ  between  hospi¬ 
tals.  In  the  present  investigation,  infor¬ 
mation  about  placental  weight  was 
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missing  in  approximately  24%  of  all 
pregnancies,  but  it  is  unlikely  that  sys¬ 
tematic  differences  exist  in  postpar¬ 
tum  routines  of  placental  manage¬ 
ment  between  women  who  later 
develop  and  those  who  do  not  de¬ 
velop  breast  cancer.  Thus,  such  short¬ 
comings  should,  if  anything,  bias  the 
results  toward  the  null.  Notwithstand¬ 
ing  these  potential  limitations,  our 
study  was  able  to  demonstrate  a  sub¬ 
stantially  increased  risk  in  maternal 
breast  cancer  associated  with  higher  pla¬ 
cental  weight. 

We  were  limited  to  the  available  in¬ 
formation  found  in  the  Swedish  regis¬ 
ters.  Importantly,  we  had  no  informa¬ 
tion  on  hormone  measurements  during 
pregnancy,  and  we  had  to  rely  on  in¬ 
direct  hormone  markers.  We  also 
lacked  information  on  familial  history 
of  breast  cancer,  and  both  breast  can¬ 
cer  and  birth  weight  are  at  least  partly 


genetically  determined.’34  Ninety-five 
percent  of  the  included  breast  cancer 
cases  were  diagnosed  before  age  30 
years,  and  our  conclusions  should  be 
restricted  to  women  with  premeno¬ 
pausal  breast  cancer. 

Our  findings  support  the  hypoth¬ 
esis  that  exposure  to  pregnancy  hor¬ 
mones  during  the  limited  time- 
window  represented  by  a  pregnancy 
appears  to  influence  mothers'  subse¬ 
quent  risk  of  breast  cancer.  In  addi¬ 
tion,  placental  weight  appears  to  be  a 
better  indicator  of  the  hormonal  mi¬ 
lieu  than  birth  weight  or  other  in¬ 
cluded  birth  parameters.  Underlying 
biological  mechanisms  responsible  for 
the  observed  associations  may  not  only 
be  limited  to  a  direct  growth  enhanc¬ 
ing  effect  on  breast  cells  during  child¬ 
bearing,  bu  t  also  may  be  due  to  mater¬ 
nal  characteristics  or  genetic  factors 
associated  with  placental  growth. 
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